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Abstract
The purpose of this project was to design and build an experimental
apparatus capable of generating sound waves with desired properties
and allowing the acquisition of data in order to assess noise reduction
devices in HVAC ducting systems.
Background
• In an HVAC system, air is distributed by fans and ducts in order to
meet thermal energy demands. The fan and the air velocity in the
ducts transmit and generate noise.
• The noise transmitted and created in HVAC ducting needs to be
controlled in order to maximize the occupants’ comfort. In this sense,
research on metamaterials to reduce noise can be implemented in
duct systems.
• Providing an apparatus which allows for measuring noise reduction at
a point, in a plane, and within a cube will lead to reduced future costs
in material, space, and energy.
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• The apparatus is designed to collect the sound profile at a point (1D), in a plane (2D), or within a 
cube (3D) by generating a signal from the plane wave speaker, moving the microphone to the exact 
desired placement, and recording the sound profile at that location.
• The directional speaker allows the sound waves to propagate with controllable boundary conditions. 
• The 1D logic allows the user to input the exact coordinates for X, Y, and Z, the 2D logic allows the 
user to input values for ∆X, ∆ Y, and Z, and the 3D logic allows the user to input values for ∆X, ∆Y, 
and ∆Z.
• The placement of the microphone is controlled by three threaded rod assemblies and three stepper 
motors which move the assembly with a resolution of 1/2 mm.
• The omnidirectional microphone receives the sound in the same manner as the human ear. This 
data is recorded and stored for analysis.
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